SUMMARY A four generation Finnish family was identified with atypical features of adult polycystic kidney disease. All members of the extended pedigree were asymptomatic and none had developed renal failure. Previous studies have shown close linkage between the adult polycystic kidney disease locus and the a chain of human haemoglobin on chromosome 16, but these studies were carried out on families manifesting 'typical' clinical features of the disease. In order to determine whether the atypical clinical features observed in this Finnish family were produced by a mutation at the same or a second locus, linkage studies were carried out using a highly polymorphic DNA marker from the a globin cluster. Here we show that the mutation producing the disease in this Finnish family is also closely linked to a globin.
Adult polycystic kidney disease (APKD) is one of the commonest autosomal dominant genetic diseases of man,' with a frequency of 1 in 1000. In addition to renal disease, patients have an increased incidence of subarachnoid haemorrhage,2 renal tumours,3 and non-renal cystic manifestations.3
There is, however, a marked variation in expression of APKD. A number of APKD families have been described in which there are cases of childhood onset of symptomatic renal disease.4 On the other hand, the discrepancy between the clinical and necropsy frequencies of the disease suggests that the morphological changes in APKD are not always associated with functional renal impairment.5
Dalgaard') provided some evidence that clinical expression of APKD was similar for patients within each family. More recent studies suggest that there is marked heterogeneity of the APKD phenotype within the whole population of affected patients, x but families have not been examined to determine what might be the genetic contribution to differences in expression. The advent of a genetic linkage marker for APKD9 "' enabled us to begin to examine the possibility that mutations at more than one locus are responsible for at least part of the 462 observed phenotypic heterogeneity. In all families studied so far, linkage has been shown between APKD and the aglobin locus on the short arm of chromosome 16.)1-Here we examine a family with atypical features of APKD to determine whether the observed differences in the clinical pattern are produced by a mutation which is also linked to a globin or by a mutation at a second unlinked locus.
Patients and methods
The patients were all Europeans from a single Finnish family (FIN PK1) and were related as shown in the figure. The first diagnosis of APKD in this family was unusual in that it resulted from the incidental finding of palpable kidneys during the early neonatal period in patient V.2. The presence of bilateral polycystic kidney disease was confirmed by computer assisted tomography (CT). During the neonatal period, the proband was asymptomatic with normal renal function. She was thoroughly investigated at one and a half years of age. At that time she had no symptoms and her blood pressure, serum creatinine, and urinary concentrating ability were normal. Intravenous pyelography was normal but cysts were seen bilaterally on ultrasonographic examination. She remains well with normal renal function at four years of age. Both parents of the FIN PK1 (15) (11) BI (22) BI (20) FG (7) Fl (4) figure. LINKAGE ANALYSIS Linkage analysis was carried out using the computer programme MLINK.'5 An age of onset (detection) curve was used to allow for the age dependent sensitivity of ultrasonography as described previously.9
Results
Pedigree FIN PK1 is shown in the figure. Ten electrophoretically distinguishable 3'HVR alleles were observed. These are indicated by the arbitrary letters A to J. The APKD mutation segregates with the 2-4 kb allele (I) in this family. The maximum lod score (2) was 2-61 at a recombination fraction e = 0-00. Thus there is strong evidence in favour of close linkage between the 3'HVR region of the a globin locus and the mutation producing the atypical form of APKD observed in this family. The ages of individual members are indicated in parentheses. Because of the difficulty of visualising small cysts using imaging techniques, and because small cysts tend to be present in the first two decades of life, the phenotypes of apparently normal subjects must be interpreted with respect to their age. This is especially important for persons under 15 years of age, since the sensitivity of diagnosis is markedly reduced in this group. It should be noted that, according to the criteria used for diagnosis (see Patients and methods), subjects 11.2 and III.3 are considered to be normal and are therefore nonrecombinants. If the diagnosis in these cases is incorrect, at least one crossover must have occurred and the maximum lod score will be reduced accordingly.
Discussion
A number of large necropsy series have drawn attention to the fact that the frequency of APKD in randomly selected necropsy cases is higher than would be expected from estimates of the clinical incidence of the disease.5 There are a number of possible explanations. First, it has been found that a number of these patients were symptomatic during life and had a family history suggestive of typical APKD.16 It is possible, therefore, that these cases represent instances of failure to detect and treat the disease during life. Second, the occurrence of multiple bilateral simple cysts may account for some of the cases described as polycystic kidney disease at necropsy. Hatfield and Pfister16 attempted to exclude such cases at necropsy by insisting that, for a reliable diagnosis of APKD, extrarenal cysts should be present. Even so, they found a substantial number of cases of polycystic kidney disease, some of which had been asymptomatic during life. It appears from these and other similar observations that a substantial fraction of the polycystic kidney disease incidentally found at necropsy represents asymptomatic cases. Previously, family studies have not been carried out to determine whether these asymptomatic cases were members of families in which other subjects had typical symptomatic APKD, or whether they came from families in which only asymptomatic disease is found. Hatfield and Pfister found that only one of the 32 necropsy cases in which there were no apparent symptoms during life had a family history of APKD. This suggests that many of these cases may have been sporadic or may not have been inherited in an autosomal dominant manner. However, since the necropsy subjects themselves were not found to have cysts during life, it is possible that a family history of APKD might not have been obtained by interview alone and that imaging of family members will be needed to resolve the issue of whether these are truly sporadic cases. Here we present a study designed to answer some of these questions. A family was identified in which a number of subjects with the morphological features of polycystic kidney disease were found to be asymptomatic. Examination of members of the extended pedigree showed that none of the subjects at risk was symptomatic, and none had reduced renal function. The disease was clearly segregating as an autosomal dominant trait in this family. Linkage studies were carried out in order to determine whether the localisation of the mutation producing this form of the disease was consistent with the localisation of the mutation producing typical symptomatic disease. The evidence presented here shows that both forms of the disease are closely linked to a globin and suggests that the mutations producing the disease occur within the same gene or group of genes. We cannot, however, exclude the possibility that the mutations producing these two forms of the disease are both coincidentally localised on the short arm of chromosome 16 and are both linked to a globin. Ultimately, the identification of the APKD gene (or genes) will provide the answer as to whether or not the two mutations are actually ailelic.
The absence of functional renal impairment associated with the presence of polycystic kidneys is a remarkably constant feature in this family. Further studies are required to determine whether this is found in other families in which there are asymptomatic members. Such information would be of great importance in the genetic counselling of this disease. It is important to note, however, that the mother of the proband sustained a subarachnoid haemorrhage during the course of the study. Thus the prognosis for extrarenal manifestations of APKD may have to be considered separately from the prognosis for renal failure.
